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Most ( p , ~ )  s t u d i e s  a t  IUCF have concentra ted  on In  order  t o  explore  the  A-dependence of 
exc lus ive  pion production l ead ing  t o  d i s c r e t e  s t a t e s  of proton-induced pion production t o  the  continuum, (p,nB) 
t h e  r e s i d u a l  nucleus. Data on continuum production a r e  measurements were made2 f o r  12* 13c, 4 0 ~ a ,  9 0 ~ r  and 
r e l a t i v e l y  scarce .  It has been pointed out1 t h a t  2 0 8 ~ b  t a r g e t s  wi th  a 190 MeV unpolarized proton beam a t  
continuum measurements may be u s e f u l  i n  e l u c i d a t i n g  exlab = 45". Fig.  1 shows the  double d i f f e r e n t i a l  
t he  complicated ( p , ~ )  r e a c t i o n  mechanism because of c ross  sec t ions  p l o t t e d  a s  a func t ion  of l abora to ry  pion 
t h e i r  expected i n s e n s i t i v i t y  t o  the  d e t a i l s  of nuclear  k i n e t i c  energy. Each p l o t t e d  point  corresponds t o  
s t r u c t u r e .  seven channels of raw data .  This b in  s i z e  r ep resen t s  
Figure  1. Corrected continuum s p e c t r a  p l o t t e d  a s  d20/d9.d~ vs t he  l abora to ry  k i n e t i c  energy of the  pion. A l l  
t h e  s p e c t r a  were taken a t   lab = 190 MeV and @,lab - 45'. 
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an energy-averaging i n t e r v a l  which va r i e s  from about 
0.6 MeV a t  t h e  lowest pion energies  t o  about 1.3 MeV a t  
the  highest  pion energies .  The arrows i n d i c a t e  the  
pos i t ion  of the  ground s t a t e  t r a n s i t i o n s .  Notice t h a t  
t h e r e  is  a f a c t o r  of four  d i f f e rence  between the  
v e r t i c a l  s c a l e s  f o r  (p,n') and (p,x+). The 
ins t rumental  cut-off appears a t  about T~~~~ = 25 MeV, 
which allows only a small  por t ion of the  continuum t o  
be observed f o r  the  1 2 c ( ~  ,n+) and 13c, 4 0 ~ a ( p ,  x')
r eac t ions .  
A systemat ic  t rend i s  immediately apparent from 
t h e  data :  t h e  cross  s e c t i o n  i n  the  continuum region 
inc reases  markedly with t a r g e t  mass f o r  negat ive  pion 
production, but is  almost independent of A f o r  p o s i t i v e  
pion production. This behavior is q u i t e  d i f f e r e n t  from 
t h a t  observed f o r  pion production leading t o  d i s c r e t e  
f i n a l  s t a t e s ,  f o r  which n- y i e l d s  a r e  almost 
independent of A ( f o r  l i g h t  t a r g e t s )  and n+ y i e l d s  
decrease with inc reas ing  A. , The cascade model 
c a l c u l a t i o n s  of Long, Sternheim and S i l b a r 4  i n d i c a t e  
t h a t  charge exchange processes may be r e spons ib le  f o r  
n- enhancement i n  the continuum. 
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As 1983 draws t o  a c lose ,  our twonucleon model w i l l  not include the  s-wave piece  i n i t i a l l y .  We w i l l  
(TNM) computer program f o r  c a l c u l a t i n g  (p ,n)  cross  t h e r e f o r e  look a t  data  produced by protons with 
sec t ions  and analyzing powers i s  within  a few months of energies  extending from a t  l e a s t  10 MeV above pion 
completion. 1984 should see  t h i s  program opera t iona l  production threshold on up t o  250 MeV. I n i t i a l  s t a t e  
and a c t i v e l y  pursuing a systemat ic  t e s t i n g  of the  i n t e r a c t i o n s  a r e  included v i a  a s tandard proton 
physics  involved i n  the  ( p , ~ )  process. The ideas  of d i s t o r t e d  wave. Higher order  co r rec t ions  f o r  
t h i s  model have been repor ted previously. 1'4 r e s c a t t e r i n g  of the  outgoing pion w i l l  be included v i a  
We have included a l l  of the  resonant p-wave p a r t  a n n u c l e u s  o p t i c a l  p o t e n t i a l  o r  us ing a l o c a l  dens i ty  
of the i n t e r a c t i o n ,  which is  thought t o  be dominant a t  approximation f o r  self-energy cor rec t ions  of the  
IUCF energies  except very near threshold. This in t e rmed ia te  isobar .  This l a s t  s t e p  is  a l l  t h a t  
includes  p r o j e c t i l e  and t a r g e t  emission diagrams, along remains t o  be f in i shed  on the  code. 
wi th  t h e i r  corresponding antisymmetrization diagrams. Execution time f o r  the  program has been optimized 
In  order  t o  f u l l y  t e s t  t h i s  p a r t  of the  i n t e r a c t i o n ,  we t o  enable the  user  t o  run l a r g e  numbers of case 
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